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Abstract.  Four decades have gone since the first introduction of percutaneous transluminal 
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has become a relatively mature and widely adopted life-saving technology for indicated patients 

mostly with ischemic cardiovascular events. Here we concisely review the history of percutaneous 

coronary intervention starting from 1977. 
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1.      Introduction   

 

Recent years, coronary interventional technique has made great progress. 

Because of the advantages of small trauma and quick recovery for patients, 

together with surgery and drug treatment, it has become one of the three major 

treatment means. However, reviewing the development history of coronary 

intervention, it is not difficult to find that some interventional techniques in 

coronary artery developed roughly. Facing with ignorance and ridicule, these are 

pioneers try their best to make the technology development. Since 1977, Dr 

Andreas Gruentzig [1] performed the first percutaneous transluminal coronary 

balloon angioplasty (PTCA), coronary intervention has been booming 40 

anniversaries.  
 

2.       Techniques of percutaneous coronary intervention (PCI)  

 

The development of interventional medicine can be traced back to 3000 BC, 

when the Egyptians used a metal tube for bladder catheterization. In 400 BC, 

ancient scholars used reed to study the function of the heart valve [2]. In 1929, 

Werner Forssmann [3] started to attempt the cardiac catheterization in clinical. 

After a preliminary test on the cadaveric, with the help of his assistant, he put a 

65cm-length catheter into his elbow vein and sent to the right atrium. In order to 

confirm the position of the catheter, he came to the Department of radiology and 
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recorded the first cardiac catheterization X-ray image in human history. It is the 

source of human cardiac catheterization. Since then, Forssmann has done 9 times 

in his own right heart catheterization, multiple peripheral veins have been tried. 

He also performed the first right ventricular angiogram with concentrated Sodium 

Iodide Solution through intracardiac catheter. 

In 1953, Salinger [4] invented the percutaneous catheter technique, ending 

the angiography history with the assistant of surgeons. Moreover, it became a kind 

of simple and safe operation for physicians, and it is still used until today. 

Initially, however, the widely-held view was that the intracoronary injection of 

contrast agent would lead to irreversible cardiac arrest, therefore selective 

coronary angiography was forbidden. But, an incident broke the restricted zone. 

That day (October 30, 1958), Mason Sones [3], served in Cleveland medical 

center, injected 30 ml contrast agent into the right coronary artery occasionally, 

while undergoing aortic angiography for a patient with a valvar heart disease. It 

caused a predictable cardiac arrest, but the patient’s cough promoted the contrast 

agent to discharge, and soon the cardiac rhythm returned to normal. Therefore, he 

speculated that the coronary artery might be able to tolerate a small amount of 

contrast agent with direct injection. A large number of basic and clinical studies 

followed have confirmed the inference of Sones. Amplantz (1966) and Jerkins [5] 

(1967) further improved the catheter tip shape, arc and operation skill. From then 

the selective coronary angiography has been widely used, and become a milepost 

in the history of diagnosis and treatment for coronary heart disease. 

However, at that time, the limited understanding of coronary heart disease 

(CHD) only stayed in the point of clear look, it was not enough. Therefore, the 

pioneers invented coronary angioplasty and stent implantation 

 

3.     Balloon angioplasty 

 

    PTCA is a therapy based on percutaneous puncture technique method, which 

sends the PTCA balloon over the wire to expand coronary artery stenosis and 

obstruction. It is a basic interventional therapy for CHD. PTCA is commonly used 

in patients with coronary artery disease who have symptoms of angina or 

objective evidence of ischemia. The operation of PTCA is based on coronary 

angiography, performed with the equipment of perspective and pressure monitor. 

It is a process that sending the balloon catheter followed the guide wire to the 

location of stenosis or obstruction and then making a pressure expansion. It 

usually needs to expand 2 ~ 4 times, until the stenosis is satisfactory expanded by 

angiography. 

In 1964, Dotter [6], successfully cured a patient with severe femoral artery 

embolism with the balloon catheter made by himself. Inspired by Dotter, in 1974, 

Andreas Gruentzig, started to apply the balloon catheter technology in coronary 

artery. September 15th (1977) is a history day for coronary intervention. That day, 

Gruentzig created a new era of interventional treatment for CHD. With the sole 

balloon catheter, he completed the first percutaneous transluminal coronary 

angioplasty in medical history for a 38-year-old man, Bachmann who with angina 
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pectoris. By 1985, he completed 2623 cases of PTCA just by himself, the success 

rate was more than 90%, only 2 cases of death [7]. 

As we all know, percutaneous transluminal coronary angioplasty causes 

plaque compression, the major change in lumen geometry is caused by fracturing 

and fissuring of the atheroma. The injury limits the percutaneous transluminal 

coronary angioplasty-acute vessel closure and restenosis. Acute vessel closure 

usually occurs within the first 24 hours of the procedure, and about 3-5% of cases 

follow vessel dissection, acute thrombus formation, or both. Severe clinical 

consequences include myocardial infarction, emergency coronary artery bypass 

surgery, and even death [8]. Restenosis occurs in the first six months after 

angioplasty caused by smooth muscle cell proliferation and fibrointimal 

hyperplasia (often called neointimal proliferation), as well as elastic recoil. So the 

rate of restenosis is over 50% [9]. Further intervention may be needed if angina 

and ischemia recur. Acute vessel closure and restenosis limited the development 

of PTCA, therefore coronary stent implantation emerged as clinical practice 

require. 

 

4.      Coronary stents 

 

         1. Bare metal stent (BMS) 

BMS is a kind of stent only with surface polished, and without any coating 

material. And it can give very effective treatment for the vascular dissection and 

acute vascular occlusion, thus it improves the safety and success rate of 

angioplasty. Compared with single ball dilatation, BMS has been demonstrated 

with two important values: an effective remedy for the failure of a single balloon 

angioplasty and a reduction in postoperative restenosis. 

In the year 1987，Swiss scholar Urich Sigwart [10], worked in Toulouse 

France, performed the coronary stent placement (bare metal stent) in the human 

body for the first time. And his research was published in 1987 in the New 

England Journal of Medicine, from then on, the diagnosis and treatment for 

human cardiovascular disease stepped on a new stage. FDA approved the 

application of Palmaz-Schatz stent in the United States in 1994 [11], which 

further promote the development of coronary intervention technology. However, 

bare metal stent is only with mechanical support, lack of intrinsic bioactive, so it 

cannot inhibit the proliferation of endometrium, which is the main cause of long-

term restenosis. Compared with balloon angioplasty, stent is planted in the body 

as fremde stoffe, which can lead to stent thrombosis and restenosis after a long-

term endovascular stimulation caused by excessive proliferation of endometrium. 

The prevention and treatment of in-stent restenosis (ISR) have become a 

very difficult problem, which has seriously restricted the development of PCI 

technology. Despite the use of cutting balloon, intravascular radiation, rotational 

and other measures, it still cannot effectively solve the problem of ISR. 

Fortunately, the emergence of DES gives hopes to solve the problem. 

2. Drug eluting stent (DES) 

DES is a kind of special stent to prevent restenosis by the local release of 

antiangiogenic and antiproliferative agents. The RAVEL test showed that, the 
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restenosis rate of the Sirolimus eluting stent group was 0 compared with the 

conventional stent group [12]. In the December of 2001, DES got the first place in 

the top ten research list of AHA year progress. And in the year of 2004, the 

United States BSC company produced Taxus drug-eluting stent [13], together 

with Medtronic’s Endeavor stent used in clinical practice, marking that the 

coronary intervention into the era of drug-eluting stent. 

Recent years, with the application of DES in PCI, clinical trials and studies 

show that, DES has a unique value in the prevention of restenosis. On the one 

hand, it can prevent coronary artery from retraction in clinical practice after 

balloon dilatation, on the other hand, it can provide slow and long-term release of 

high concentration drugs of anti-cell proliferation and anti-vascular remodeling 

over the local coronary lesions. Followed balloon angioplasty and stenting, the 

clinical application of DES has become the third milestone in the field of 

interventional cardiology [14].  

However, drug eluting stent is not perfect. The limitations of the DES 

included two aspects. Firstly, the metal frame makes it difficult for stent to pass 

through the coronary lumen, and as a fremde stoffe, it continues to stimulate 

neointimal hyperplasia, thus leading to restenosis. Secondly, the polymer carrier 

delays the process of endothelial repair, thus increasing the incidence of stent 

thrombosis, so it extends the dual antiplatelet therapy process. Therefore, in order 

to solve this problem, pilots invented Bioresorbable Vascular Scaffold. 

3. Bioresorbable Vascular Scaffold (BVS) 

In 2008, Professor Carlo Di Mario led a global study research of 

biodegradable stent in the Royal Brown hospital [15]. By the end of 2011, Lancet 

reported the test result for the first time [16], which attracted global attention and 

had a revolutionary significance in the field of coronary intervention. And the 

result showed a fully success in the stenting without any stent thrombosis events. 

In 2012, fully BVS was post marketing officially in Europe etc., which leading the 

fourth revolution of percutaneous coronary intervention. Similar to the traditional 

DES, BVS can be used to open blocked arteries and restore the blood flow of the 

heart. However, different to BMS, BVS is made of special material. Therefore, it 

not only can open blocked arteries, but also can be degraded with time going, 

leaving no metal stent in arteries and most vascular function recovery. 

4. Covered stent or stent-graft 

There are some special stents for the treatment of complications resulted 

from PCI such as covered stent or stent-graft. Covered stent has a kind of special 

membrane material covered on the bare metal stent. It is an effective combination 

of the physical and chemical properties because of the bare metal stent and the 

unique properties of the plastic film. Covered stent is mainly used for coronary 

artery pseudoaneurysm, coronary dissection and acute perforation caused by 

angioplasty. 

Not only stents, but many coronary devices also promote the better 

development of PCI. Such as coronary dilatation balloon, rotational atherectomy, 

directional coronary atherectomy and thrombus aspiration. 
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5.      Dilatation Balloons 

 

1.Cutting Balloon & Lacrosse NSE  

Cutting balloon provides 3-4 longitudinal parallel blades on the surface. The 

blade is tightly wrapped in the specially folded balloon material before the balloon 

reaches the lesion in order not to damage the normal blood vessels of the route. 

After reaching the lesion, the blade extends out of the balloon while the balloon 

expanded, resulting in a longitudinal incision in the blood vessel. Compared with 

ordinary balloon’s blunt, disorderly expansion, cutting balloon provides lower 

pressure to be fully dilated, smaller irregular intimal tear, so it makes smaller 

vascular injury, and reduces reactive proliferation of smooth muscle cells, 

decreases the restenosis rate. Similar to Cutting balloon, for the Lacrosse NSE, 3 

nylon spines were added from the proximal to the distal of the balloon, which 

made it more effective to form an effective patch and crack the plaque. They are 

commonly used in stent restenosis, bifurcation lesions and ostial lesion. 

2. Cryoplasty 

Cryotherapy is a special balloon catheter, the working principle includes the 

dual mechanism, general balloon angioplasty and rapid freezing to the vascular 

wall. Freezing effect produces a plurality of small cracks in the vascular wall and 

on the lesion surface, and it can obtain more orderly expansion effect than 

ordinary balloon, thus effectively reduce the incidence of local intimal tear or 

dissection. Moreover, by changing the physical properties of collagen and elastic 

fibers, it theoretically reduces blood vessels elastic recovery and the long-term 

vascular negative remodeling. In addition, it can induce the apoptosis of vascular 

smooth muscle cells and decrease the incidence of intimal hyperplasia and 

restenosis. 

3.Drug-eluting Balloon (DEB) 

Scheller found that, combining the paclitaxel coated balloon and vascular 

wall together for 1 minute in the early DEB animal experiment, could 

significantly reduce the rate of stent restenosis, little destroy stent 

endothelialization, and have no stent thrombosis. DEB with antiproliferative drugs 

can inhibit neointimal hyperplasia and prevent restenosis. It can also prevent the 

late thrombosis formation caused by the long-term retention of drug eluting 

polymer and the metal skeleton. 

 

6.      PTCRA/DCA/ Thrombus aspiration 

 

1. Percutaneous Transluminal Coronary Rotational Atherectomy (PTCRA）    

    The so-called rotablation treatment is that, a device with a miniature diamond 

particle inlayed in the top of it, driven by another device outside, gives a high 

rotation speed about 140000 to 180000 R / min in the segment of stenosis. It is 

usually used as a pre-expansion treatment for calcified and fibrotic plaque, 

bifurcation lesions and lesions. PTCRA is invented by David Auth in the early 

1980s, and Lille and Essen put it in clinical practice for the first time in 1988 [17]. 
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2.Directional coronary atherectomy (DCA) 

Similar to PTCRA, DCA is a special interventional therapy, which can 

remove the atherosclerotic plaque in the coronary artery and increase the coronary 

blood flow. DCA is better for complex lesions such as eccentric lesions, ulcerative 

lesions and intimal tear lesions with intimal suspended solids. Phillips’s clinical 

research [18] showed that, the more complicated the lesions, the smaller 

possibility of vascular dissection and acute occlusion in DCA treatment. However, 

DCA was not better for calcification lesions. 

3.Thrombus aspiration 

  Thrombus aspiration during primary percutaneous coronary intervention 

improves myocardial reperfusion and reduces infarct size. Especially with obvious 

thrombosis in the coronary artery, the application of thrombus aspiration 

treatment showed significant clinical effect. It can reduce no reflow and peripheral 

embolization phenomena after AMI reperfusion therapy at the same time. 

Moreover, because of the removal of the thrombus, it is helpful to show the shape 

of the lesion and to obtain the information distal the lesion, therefor it is helpful 

for further interventional treatment. 

 

7.      Assistive technologies  

 

With the development of PCI assistive technology, we can directly observe 

the characteristics of coronary artery lesions. And with the guidance, it makes PCI 

perform more precisely. 

1. Intravascular ultrasound (IVUS) 

CHD is a stenosis and occlusive disease caused by the accumulation of 

plaque and thrombus on the basis of vascular remodeling. The coronary 

angiography only can show the changes of vascular lumen, but cannot reflect the 

changes of blood vessel wall. IVUS not only shows the vascular cavity form, but 

also the morphology and structure of vascular wall. Compared with coronary 

angiography it can be more accurate to show the morphology, size and character 

of the lesions, thus to guide the interventional treatment and to evaluate the effect 

of PCI. 

2. Coronary Angioscopy 

Coronary angiography performed directly in coronary artery in the middle of 

1980s and it is used in clinical practice now. It can make a direct observation and 

pathological diagnosis for coronary artery lesions, and improve the diagnosis level 

of CHD, so it extends the research degree of CHD. And it provides evidence for a 

more appropriate treatment such as PTCA, rotary cutting, laser therapy etc. 

Moreover, it can also be used to evaluate the effect of percutaneous coronary 

intervention (such as PTCA, laser and so on), and the local changes before and 

after the stenosis, and to predict and prevent the restenosis. 

3. Optical Coherence Tomography (OCT) 

OCT was applied in the field of coronary intervention by the Jang who 

worked in Massachusetts General Hospital in 2002 [19]. Compared with 

conventional imaging techniques such as IVUS, OCT, it has a very high 

resolution (10μm). Not only it can clearly observe the morphology and 
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composition of atherosclerotic plaques, but also distinguish and evaluate the stent 

attachment and the intimal hyperplasia after stent graft, which IVUS cannot do. 

 

8.     Conclusions 

 

Since 1977, PCI has become the most commonly performed 

revascularization procedure worldwide for the treatment of atherosclerotic 

epicardial coronary disease. The rapid evolutions of this percutaneous therapy and 

its auxiliary device have been brought about by identifying clinical and technical 

problems. Future innovation, including use of magnetic guidance for guidewire 

maneuverability, customized PCI devices, real-time computed tomography (CT) 

imaging of microchannel, forward-looking ultrasound, or local dissolution of 

plaque and thrombus material, are being evaluated. Evidence-based success, along 

with adaptability, availability, and teachability of these futuristic techniques, 

could lead to a considerable number of patients with complex coronary in whom 

PCI is a reasonable option. As the interventional community builds on strong 

practice foundation, the future of interventional cardiology continues to be bright. 

 

 

 
 

 

 

Figure 1. Important event in the development of coronary intervention 
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Table 1. Comparison of four generation stent 

 

 
 

BMS= Bare metal stent, DES= Drug eluting stent, BVS= Bioresorbable Vascular 

Scaffold. 
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